Introduction
Progressive renal scarring accompanied by hypertension or renal insufficiency, sometimes labelled "active chronic pyelonephritis," often develops insidiously without evidence of bacterial infection (Longcope and Winkenwerder, 1933; Platt and Dawson, 1950; Saphir and Taylor, 1952; Kleeman et al., 1960; Kimmelstiel et al., 1961; Freedman, 1967; Penn and Breidahl, 1967; Angell et al., 1968; McGovern and Marshall, 1969) . The aetiology is obscure in many instances and the role of infection has been questioned (Freedman, 1967; Angell et al., 1968) . Several observations suggest, however, that bacteria may play a part in the initiation of the disease process (MacGregor, 1970) .
We present here the results of Escherichia coli antibody determinations in four patients with hypertension, asymmetric reduction of the renal parenchyma, and sterile urine. The findings lend support to the relevance of initial bacterial infection in the evolution of the disease process.
Patients and Methods From 1960 to 1966 600 patients below the age of 16 years were admitted to hospital with an apparent first urinary tract infection not complicated by obstruction. During the same period five patients (0 8%) were seen with unequivocal arterial hypertension and the radiological signs of chronic pyelonephritis as defined by Hodson (1965) . Three of these patients had uninfected urine. This paper is concerned with these three patients and with a fourth with similar findings who was seen in 1971. There was no evidence of primary cardiac disease, glomerulonephritis, obstru-ctive uropathy, or renal artery malformation. One of the patients (case 1) was briefly reported on by Andersen (1968) .
The E. coli antibody titre was examined by means of an indirect haemagglutination technique using crude 0 antigen preparations as described earlier (Winberg et al., 1963) . As the urine cultures were negative other antigen sources were usedeither E. coli from the patient's own faecal flora (cases 1 and 2) or a standard set-up of the eight 0 antigens of the E. coli serogroups most commonly found in our patients with urinary tract infections (cases 1, 3, and 4) (Andersen, 1967; Winberg et al., 1967) . These techniques were presented and discussed in earlier publications (Andersen et al., 1965 a; Andersen, 1968) . A few serum specimens were titrated before and after treatment with 2-mercaptoethanol (Hanson and Winberg, 1967) . The tiues are given as reciprocals of half-dilution steps.
Clinical data on the four patients are summarized in tables I and II. (Winberg et al., 1971) . Renal angiography excluded renal artery stenosis. Left nephrectomy and sympathectomy was performed followed by treatment with antihypertensive drugs and sulphonamide for about a year, after which she was normotensive without drugs. Concentrating capacity one year after nephrectomy was 920 mOsm/l.
The left kidney weighed 6 g and several flat scars were found on the surface. Microscopy showed hyalinized glomeruli, atrophic dilated tubules, interstitial fibrosis with round cell infiltration, and sclerosis of small arteries ( fig. 4) gave normal findings on the right side, while the activity on the left side was about 20% of that on the right. An I.V.P. was normal on the right side but showed localized parenchymal defects with slightly flattened calices on the left (fig. 7) . Reflux of grade III (Winberg et al., 1971 ) was present on the left side and grade II on the right. There was no renal artery stenosis. The renin activity in the right and left renal veins was 391 and 3,275 ng/100 ml/3 hr respectively.
Nephrectomy combined with antihypertensive drugs led to normalization of the blood pressure. Six months after the operation the patient was normotensive without drugs. The left kidney weighed 20 g. Deep scars were present on the surface. In large areas of the cortex almost all glomeruli were hyalinized and the tubules atrophic, partly with discrete cystic dilatation. Fibrosis and infiltration with round cells were seen in the interstitium. There were scattered areas of normal renal cortex. No dysplastic areas were observed. Round cell infiltration was present in the renal pelvis.
Previous History.-Two episodes of acute febrile urinary tract infection at the ages of 5 and 7 years had been treated with sulphonamide. Several urine cultures were done after treatment and all were negative.
Results
The results of the antibody determinations are illustrated in fig. 8 . In case 1 titrations were performed separately with antigens derived from laboratory strains of E. coli 0 groups 1, 2, 4, 6, 7, 8, 18, and 75. The antibody titres against 0-8 antigen were greatly above normal, while the titres against the other 0 antigens were 64 or less. In case 2 an antigen prepared from the patient's own faecal E. coli strains, later identified as 0-18, was used. The initial antibody titre was slightly raised. After the nephrectomy, however, a successive but long-lasting increase was observed, though the urinary cultures still were negative.
In case 3 the serum specimens were titrated separately against the standard panel of eight common E. coli 0 antigens. Increased titres were found against E. coli 0-1, 0-7, and 0-8 and normal titres were found against the other antigens. The titres decreased to normal during the following months at the same time as the blood pressure was controlled with antihypertensive therapy.
In case 4 an antigen pool of 0 antigens 1, 2, 4, 6, 7, 8, 18, and 75 was used (Andersen, 1967) . Titrations were performed before and after reduction of serum with 2-mercaptoethanol. The titres were slightly raised on admission and rose rapidly after the nephrectomy, though repeated urine cultures were negative. The increase in antibody titre was followed by a successive decrease of titres in reduced as well as in nonreduced serum specimens. When serum was titrated against the individual components of the antigen pool the 0-8 and 0-75 antigens gave similar results to titration with the antigen pool, while the other components gave lower titres.
Different antigen sources were used in these patients because our methods for E. coli antibody determination were developed over a period of time (Winberg et al., 1963; Andersen et al., 1965 a; Andersen et al., 1965 b; Andersen, 1966; Andersen, 1967) . Discussion Several factors lend support to the hypothesis that the renal parenchymal defects and the ensuing hypertension observed in these cases were caused by previous bacterial infections of the kidneys. Firstly, such infections were diagnosed several years earlier in three of the patients. Secondly, such radiological changes as asymmetric renal involvement, focal irregularities in the renal outline, and defects in the corresponding calices most probably result from infections, as suggested by comparative clinical, radiological, and morphological investigations (Smith, 1962; Hodson, 1965) . It may sometimes be difficult to tell an infarct from a renal scar (Kincaid-Smith, 1955; Heptinstall, 1966) . In these young children, however, there was no evidence of primary hypertension with secondary infarcts. In the two patients who were nephrectomized the morphological changes in the kidneys were consistent with postinfectious scarring as defined by Heptinstall (1966) . There were no signs of dysplasia or of abnormalities of the vessels.
The fact that high antibody titres against some E. coli 0 antigens were found in all four patients with scarring, sterile urine, and hypertension who were admitted during the 11-year period suggests that the raised antibody titres were not incidental. The reduction sensitivity of the antibodies, shown in the one investigated case, suggests that the antibodies were at least partly of IgM type, implying presence of antigen continuously stimulating antibody formation (Uhr and Moller, 1968) . The location and nature of this antigen is unproved, but in the absence of symptoms or a positive history from other organ systems it seems reasonable to assume that it was indeed present in the kidneys.
There are at least three possible mechanisms to explain the antibody formation-namely, the presence of bacterial variants (L-phase variants, protoplasts) in the kidneys; or the presence of amorphous bacterial antigen; or, finally, the third possibility would be cross-reactions between antibodies against E. coli antigen and renal tissue, which again would explain the raised titres.
Protoplasts have been found in kidneys of patients with sterile urine (Kalmanson and Guze, 1968; Turck et al., 1968) , and injection of such variants into rat kidneys may produce localized fibrosis . Kaijser et al. (1972) have shown that the variants contain sufficient antigen to induce and maintain antibody formation. The fact that the antibodies were directed against as many as three different E. coli 0 antigens would presuppose the simultaneous presence in the kidneys of variants belonging to up to three different serological types.
The second possibility is that amorphous bacterial antigen remained in the kidneys after previous infections and stimulated continuous antibody formation. Such antigen has been shown by immunofluorescent technique in tissue from the kidneys of patients with "abacterial pyelonephritis" (Aoki et al., 1969) and after cure of experimental pyelonephritis (Sanford et al., 1962; Cotran, 1963; Tan and Heptinstall, 1969) . With specific antisera to E. coli 0 antigen on renal tissue from children nephrectomized because of pyelonephritic scarring 0 antigen was shown in one out of 12 patients .
The third possibility would be that because of the crossreactivity between antibodies directed against certain E. coli serotypes and antigen derived from renal tissue (Holmgren et al., 1971 ) the "E. coli" antibodies could, in fact, have been autoantibodies. So far such crossreactivity has been shown against only 0-2, 0-22, and 0-14 (Holmgren et al., 1971) . It is, however, of interest that all three patients tested with the panel of eight different E. coli 0 antigens (1, 2, 4, 6, 7, 8, 18 , and 75) had antibodies against 0-8. So far no antigenic relation between this antigen and kidney antigen has been shown (Hanson, 1973 b) . At the moment none ofthese three possibilities can be excluded as an explanation for the antibody production.
The cause of the rise in titre after the operation in cases 2 and 4 ( fig. 8 ) is uncertain since urinary cultures were negative. One possibility is stimulation of antibody production due to antigen release during surgical manipulation of the kidneys.
The silent clinical course in many patients developing severe renal disease after bacterial infections (Longcope and Winkenwerder, 1933; Platt and Dawson, 1950; Kleeman et al., 1960; Kimmelstiel et al., 1961; Freedman, 1967; Penn and Breidahl, 1967; Angell et al., 1968; McGovern and Marshall, 1969; MacGregor, 1970) , sometimes referred to as "pyelonephritis lenta" (Saphir and Taylor, 1952) , makes it difficult to identify these patients among all others with a history of urinary tract infections early enough to prevent irreversible renal damage. The present investigation suggests that a long-lasting increase in the E. coli antibody titres may be a characteristic feature ofprogressive renal damage. In this context it is ofinterest that during long-term follow-up of antibody titres in patients with earlier acute pyelonephritis one was found to have persistently raised titres for several years in spite of negative urinary cultures. This patient had intermittently a moderately increased blood pressure (highest recorded 165/105 mm Hg). Three consecutive I.V.P.s showed non-progressive caliceal dilatation and reduction of the renal parenchyma of one of her kidneys (Andersen, 1968) . The possibility of identifying potential "pyelonephritis lenta" cases by determination of E. coli antibodies should be further examined.
Whether the antibodies play any part in the pathogenesis of the renal damage is not known. One possibility, however, might be that complement-fixing antigen-antibody complexes are formed, causing renal damage in a similar way to that seen in poststreptococcal nephritis (Aoki et al., 1969; Hanson et al., 1971) . The cross-reactions between antibodies directed against certain E. coli serotypes and renal tissue antigen mentioned above are another possible mechanism of renal damage but would be limited to infections with cross-reacting strains belonging to 0 groups 2, 14, and 22.
